The diagnosis of a chronic prosthetic joint infection (PJI) is challenging, and no consensus exists regarding how best to define the criteria required for microbiological identification. A general view is that culture of periprosthetic biopsies suffers from inadequate sensitivity. Recently, molecular analyses have been employed in some studies but the specificity of molecular analyses has been questioned, mainly due to contamination issues. In a prospective study of 54 patients undergoing revision surgery due to prosthetic joint loosening, we focused on two aspects of microbiological diagnosis of chronic PJI. First, by collecting diagnostic specimens in a highly standardized manner, we aimed at investigating the adequacy of various specimens by performing quantitative bacteriological culture. Second, we designed and performed real-time 16S rRNA gene PCR analysis with particular emphasis on minimizing the risk of false-positive PCR results. The specimens analysed included synovial fluid, periprosthetic biopsies from the joint capsule and the interface membrane, and specimens from the surface of the explanted prosthesis rendered accessible by scraping and sonication. No antibiotics were given prior to specimen collection. Based on five diagnostic criteria recently suggested, we identified 18 PJIs, all of which fulfilled the criterion of ¢2 positive cultures of periprosthetic specimens. The rate of culture-positive biopsies from the interface membrane was higher compared to specimens from the joint capsule and synovial fluid, and the interface membrane contained a higher bacterial load. Interpretational criteria were applied to differentiate a true-positive PCR from potential bacterial DNA contamination derived from the reagents used for DNA extraction and amplification. The strategy to minimize the risk of false-positive PCR results was successful as only two PCR results were false-positive out of 216 negative periprosthetic specimens. Although the PCR assays themselves were very sensitive, three patients with low bacterial numbers in periprosthetic specimens tested negative by real-time PCR. This overall lowered sensitivity is most likely due to the reduced specimen volume used for PCR analysis compared to culture and may also be due to interference from human DNA present in tissue specimens. According to the protocol in the present study, 16S rRNA gene real-time PCR did not identify more cases of septic prosthetic loosening than did culture of adequate periprosthetic biopsies.
INTRODUCTION
A prosthetic joint infection (PJI) is a devastating complication in prosthetic joint surgery, and a chronic PJI ultimately results in a loosened implant (Nilsdotter-Augustinsson et al., 2007) . Culture of synovial fluid (SF) and biopsies from the joint capsule and the interface membrane, the membrane between the prosthesis and the bone, is the standard diagnostic approach in cases of a loosened joint prosthesis (Atkins et al., 1998; Pandey et al., 2000; Ince et al., 2004; Bori et al., 2006) . It is recommended that biopsies are harvested from tissue that appears inflamed (Spangehl et al., 1999) , but to our knowledge few studies have actually evaluated which tissue biopsies are most adequate in identifying chronic PJI.
A chronic PJI is considered a typical biofilm infection, which may partly explain the suboptimum sensitivity of routine culture (Costerton, 2005) . Ultrasound (sonication) is able to dislodge the biofilm on an infected explanted prosthesis (Tunney et al., 1999) and in patients who have received antibiotics, the sensitivity of culture methods using sonicate fluid is higher compared to the culture of tissue specimens (Trampuz et al., 2007) . Hence, detection of bacteria after sonication has recently been included as one of the diagnostic criteria for diagnosis of chronic PJI (Del Pozo & Patel, 2009 ).
Another diagnostic tool in cases of PJI is amplification of bacterial DNA by the PCR (Tunney et al., 1999; Moojen et al., 2007) . Staphylococci are the most frequent causative bacteria but a variety of aetiological micro-organisms has been reported (Marculescu et al., 2006) . Consequently, there is a risk that the sensitivity of a specific PCR will not be optimal in detecting PJI (Achermann et al., 2010) . The use of a broad-range 16S rRNA gene PCR should be able to detect all bacteria, even bacteria previously not associated with PJI; however, the method is extremely sensitive and prone to DNA contamination, even of the reagents used (Corless et al., 2000; Mühl et al., 2010) .
In the present study, we studied patients who were operated on consecutively due to loosened hip and knee prostheses and the prosthetic loosening was classified as either septic or aseptic. The objectives of the present study were twofold. First, after standardization of specimen collection, we evaluated culture as a diagnostic tool in cases of chronic PJI, performing quantitative bacteriology; second, we analysed the performance of a broad-range 16S rRNA gene PCR with emphasis on minimizing the risk of false-positive results.
METHODS
Patients who were operated on due to a clinical diagnosis of aseptic or septic loosening of total hip or knee prostheses from 5 January 2005 to 15 May 2007 were included in the study. All patients underwent surgery at the Department of Orthopaedic Surgery, St Olav's University Hospital, which is a secondary referral hospital for loosened and infected joint prosthesis. An informed consent was obtained, and the study was approved by the Regional Ethical Committee of the Norwegian University of Science and Technology. Based on clinical examination, patient history, blood tests and radiologic evaluation two senior orthopaedic surgeons (E W and L P) classified the loosening as either septic or aseptic.
Any antibiotic treatment was discontinued at least 14 days prior to surgery and antibiotic prophylaxis was withheld until completion of the specimen collection. SF was aspirated perioperatively before incision of the joint capsule. Five soft tissue biopsies (B1-5, Fig. 1 ), 160.560.5 cm in size, were collected in a highly standardized manner from each patient: two biopsies (B1-2) from the inside of the joint capsule prior to any manipulation of the prosthesis and three biopsies (B3-5) from the interface membrane (Fig. 1) . The specimens were transferred by courier to the laboratory and immediately processed. One half of each biopsy was processed for molecular diagnosis and the other half was ground in 1000 ml saline for culture. In addition, a biopsy from the interface membrane was fixed in 4 % buffered formaldehyde for histopathology. In the operating theatre, and immediately after explantation, approximately 5 % of the surface area of the prosthetic components was scraped with four surgical blades, one of which was vortexed in 250 ml sterile water for molecular analysis. The prosthesis was stored at 280 uC in a double set of sealed plastic bags. After thawing, 200 ml sterile Ringer's solution was added to the inner bag which was then placed in an ultrasonic bath (TPC-120, Telsonic). Sonication was performed at 37 uC for 5 min (30 kHz, 300 W). A total of 50 ml sonicate fluid was centrifuged at 3000 g for 30 min and the sediment was resuspended in 400 ml sterile PBS.
Microbiological methods. Fifty ml aliquots of SF, tissue biopsies and sonicate sediment were inoculated onto 5 % ox blood agar, chocolate agar, pre-reduced fastidious anaerobe agar and into thioglycollate broth. The media were incubated aerobically with 5 % CO 2 and anaerobically in an anaerobic cabinet for 7 days, and the organisms were enumerated. If the c.f.u. number was ¢500, a value of 500 c.f.u. was assigned. Identification to the species level was done by standard microbiological procedures. Genotyping of selected staphylococcal isolates was performed by PFGE. The cut-off for culture of sonicate sediment was set to 10 c.f.u. per plate, i.e. 320 c.f.u. per prosthesis (assuming 1/4 of all bacteria originally attached to the prosthesis was . SF, B1 and B2 were sampled from the inner side of the joint capsule for both hip (left) and knee (right) prosthetic revisions (b). In hip prosthetic revisions, B3 and B4 were collected from the interface membrane between femur and implant (c) and B5 was collected from the interface membrane between acetabulum and implant (a). In knee prosthetic revisions, B3 and B4 were collected from the interface membrane between tibia and implant (c) and B5 was collected from the interface membrane between femur and implant (a).
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On: Sat, 15 Dec 2018 11:21:57 present in the sediment), to determine between PJI and aseptic failure (Trampuz et al., 2006) .
In the operating theatre, the three knife blades were streaked directly on to agar, one on each of the three different agars, and the inoculated plates were incubated aerobically and anaerobically, all within 5 min.
Tissue biopsies from patients undergoing primary hip arthroplasty (n53) were processed as negative controls for the procedure. None of these patients received any antibiotic prophylaxis before tissue sampling. Additional negative control procedures were performed on sterile prosthetic components (n55) and aliquots of Ringer's solution, which was used for sonication.
Histopathological examination. The biopsy was routinely processed and cut in 5 mm sections before staining with haematoxylin and eosin. The sections were studied under low power to determine the most cellular areas. Polymorphonuclear (PMN) leukocytes were counted in high power fields (HPF, 6400 magnification).
Molecular detection and identification of bacteria. DNA extraction was performed by using a DNeasy tissue kit (Qiagen) in a laminar air flow cabinet with modifications as specified below. Buffers and equipment were UV irradiated for minimum 15 min. Other reagents, including enzymes and sterile water, were filtered through a Microcon YM-100 filter device (Millipore) by centrifugation at 500 g for 30 min. Purified DNA was eluted in a volume of 100 ml. a) Biopsies. Approximately 25 mg tissue was incubated with 180 ml tissue lysis buffer and 20 ml proteinase K (ATL, DNeasy Tissue kit, Qiagen) at 55 uC overnight followed by additional lysis with 20 ml lysozyme (20 mg ml 21 , Sigma), 10 ml lysostaphin (1 mg ml 21 , Sigma), 10 ml mutanolysin (10 000 U ml 21 , Sigma) and 200 ml lysis buffer AL (DNeasy Tissue kit, Sigma) with incubation at 37 uC for 15 min and then at 65 uC for 15 min. b) SF, scraping and sonicate sediment specimens. Lysozyme, lysostaphin, mutanolysin and lysis buffer AL was added to 180 ml of the specimen as described above.
16S rRNA gene real-time PCR. Three broad-range PCR primer pairs, targeting highly conserved regions spanning the variable V4-V9 segments of the 16S rRNA gene were constructed based on similarity searches of a large series of available sequences in GenBank. The primers (59A39) of three PCR assays were: 519F, CAGCAGCCGCGGTAATAC, and 1105R, TCGTTGCGGGACTTAACC; 966F, GCAACGCGAA-GAACCTTAC, and 1405R, CGGGCGGTGTGTACAAG; and 1175F, GAGGAAGGTGGGGATGAC, and 1511R, CGGYTACCTTGTTAC-GACTT, respectively. The numbering of primers corresponds to positions in the 16S rRNA gene of Escherichia coli (GenBank accession no. AB035926). Thus, each specimen was analysed with three different PCR assays targeting the 16S rRNA gene.
Real-time PCR was run on a LightCycler thermal cycler (Roche Diagnostics) using a PCR mixture consisting of 2 ml 106 LightCycler FastStart DNA Master SYBR Green I (Roche), 5 mM of MgCl 2 , 0.5 mM each primer, 0.2 U uracil-N-glycosylase and 2 ml template DNA in a final volume of 20 ml. The PCR conditions used were as follows: an initial step at 95 uC for 10 min for activation of Taq DNA polymerase, followed by 40 cycles (45 cycles for the first eight patients) of amplification at 95 uC for 5 s, 55 uC for 5 s and 72 uC for 20 s.
PCR controls. Plasmid DNA with a cloned 16S rRNA gene PCR product from E. coli was used as a positive control. As a negative control (no template control, NTC), nuclease-free water was used instead of template DNA. To control for potential exogenous DNA contamination a mixture of all reagents used for lysis and DNA extraction on that occasion was processed and used as a negative extraction control (NEC). DNA adequacy of the periprosthetic specimens was analysed by using a real-time PCR targeting human DNA as described elsewhere (Bergseng et al., 2007) . All biopsy and SF specimens were positive in this assay. To determine potential interference by tissue components (in particular human DNA), on the PCR assays, selected tissue biopsies (biopsy 3 from five non-infected patients) were spiked with E. coli ATCC 700928. A suspension of E. coli 2.5610 8 cells ml 21 was serially ten-fold diluted and 10 ml volumes were added to the biopsies prior to DNA extraction.
Post-PCR analysis and definition of a PCR-positive reaction and specimen. A real-time PCR was considered negative if the cycle threshold (Ct) of the specimen and the NEC differed by ,1.0. All PCRs of specimens with DCt¢1.0 were subjected to post-PCR analysis by capillary electrophoresis on a Bioanalyser 2100 (Agilent Technologies) to ensure that the DCt observed is derived from 16S amplicons and not from non-specific DNA. This post-PCR analysis provides concentrations of the various DNA fragments, which, together, constitute the fluorescent SYBR Green signal. In the presence of non-specific bands the relative concentration of the 16S rRNA amplicon was taken into account to calculate its contribution (DCt 16S ) to the total DCt registered. In such an instance DCt 16S ¢1.0 was considered a PCR-positive reaction.
At the specimen level, PCR was considered positive if ¢2 of the three different PCR assays were positive.
DNA sequencing. DNA sequencing of reactions with DCt 16S ¢1.0 was performed on a CEQ 8800 Genetic Analysis System (Beckman Coulter) using a CEQ DTCS Quick Start kit (Beckman Coulter). Primers used in the sequencing reaction were identical to the PCR primers. Amplicons were purified directly by using a QIAquick PCR Purification kit (Qiagen) or after excision of the 16S amplicon from a 2 % agarose gel by using a Montage Gel Extraction kit.
For sequence analysis the Sequencher program (Gene Codes Corporation) was used. Consensus sequences were compared with sequences in the GenBank database using NCBI BLAST (http://blast. ncbi.nlm.nih.gov/Blast.cgi).
Definition of a chronic PJI. A PJI was diagnosed when at least one of the following criteria was present (Del Pozo & Patel, 2009): 1) A sinus tract communicating with the prosthesis.
2) Purulence in the joint space.
3) Isolation of the same micro-organism in ¢2 cultures of periprosthetic specimens.
4) The finding of .5 PMN leukocytes in .5 separate HPF. 5) Culture of a micro-organism from sonicate sediment (¢10 c.f.u. per plate).
Statistical analysis. Wilcoxon signed-rank test was used for comparison of median number of c.f.u. ml 21 in interface membrane biopsies versus pseudocapsule and SF specimens. The number of culture-positive specimens from the interface membrane was compared to the pseudocapsule and SF samples using the exact Marginal Homogeneity Test. Two-sided P-values ,0.05 were considered significant.
RESULTS
We included 54 patients in the study: 30 females, with a median age of 69 (range 33-94 years) with 54 loosened total hip (n547) or knee (n57) prostheses, of whom 21 G. Bjerkan and others had a preoperative diagnosis of septic loosening. Thirtyone patients had previously been operated on with the use of gentamicin-containing bone cement. In nine patients with loosening of one prosthetic component, biopsies 3, 4 and 5 (Fig. 1) were taken from the same interface membrane in each patient.
By applying the criteria stated earlier, a PJI was identified in 18 patients (two of these patients had a preoperative diagnosis of aseptic loosening). Positive culture from ¢2 periprosthetic specimens was present in all 18 patients and the distribution of the other diagnostic criteria is shown in Table 1 . Of the causative agents in the 18 patients with PJI, Staphylococcus epidermidis was the most frequent (in seven cases). Two patients with infections of polymicrobial aetiology were identified. The details of the microbiological findings, including results of quantitative culture and positive sampling sites are given in Table 2 .
Culture of periprosthetic specimens
In the 18 patients with PJI, a higher number of c.f.u. ml 21 was observed in interface membrane biopsies compared to joint capsule biopsies (Table 2, Fig. 2 ). This was also observed in 15 of the 18 patients that had previously been operated on with use of gentamicin-containing bone cement (P50.004). In the 18 patients with PJI, the number of culture-positive specimens from the different sample locations varied: 12/18 from SF, 11/18 from B1, 12/18 from B2, 16/18 from B3, 14/18 from B4, and 15/18 from B5 ( Table 2 ). The rate of culture-positive specimens from the interface membrane (B3-5) was higher than the rate of positive specimens from SF and joint capsule (SF, B1-2) (P50.008). A similar difference was also observed in patients previously operated on with use of gentamicincontaining bone cement (P50.016).
Of the 36 patients considered as non-infected, one patient showed growth of 1 c.f.u. of Propionibacterium acnes in one specimen. One patient had sparse growth of three genotypically different strains of Staph. epidermidis (one in each of three different specimens).
Culture of scraping specimens and sonicate sediment
Culture of scraping specimens was positive in 12/18 patients.
According to the diagnostic quantitative criterion, three patients had false-negative cultures of sonicate sediment (patients 11, 17 and 42, Table 2 ). It should be noted, however, that 2 c.f.u. of P. acnes grew on the agar plates of sonicate sediment from each of these three patients. In 8/36 patients in the non-infected group, culture of sonicate sediment displayed growth of bacteria that was considered to be the result of obvious water contaminants (typically ¢2 types of Gram-negative, oxidase-positive rods). The results from sonication samples of these eight prostheses were disregarded due to the leakage of water into the sonication bags, a problem that has also been observed in previous studies (Trampuz et al., 2006; Esteban et al., 2008; Dora et al., 2008) . In three of the 18 infected patients, water contaminants were observed in sonicate sediment cultures in addition to the causative microbe.
PCR and DNA sequencing analyses
Each of the three PCR assays had a detection limit of 3.5 gene copies (equivalent to 0.5 cells of E. coli) assessed by real-time PCR using ten-fold dilutions of the cloned E. coli 16S rRNA gene (not shown). The median detection limit was 50 bacteria (range 5-500) when tissue biopsies were spiked with E. coli.
Using SYBR Green for amplicon detection, interpretational criteria were applied to define positive PCR as a result of the 16S rRNA gene present in the specimen being unrelated to exogenous DNA or non-specific amplicons. Two representative examples are shown in Fig. 3 . Of a total of 1296 PCRs performed, 842 (65 %) initially displayed a DCt¢1.0 and had to be subjected to post-PCR analysis to define DCt 16S ¢1.0. Significant and variable DNA contamination of the reagents used had to be taken into account: median Ct values of the NEC for the three PCR assays were 33.5, 33.31 and 32.74 (range 28.86-.41) and the median Ct values of the NTC were 36.0, 36.0 and 36.0 (range 30.12-.41).
In 15 or 12 of the 18 patients with PJI, PCR was positive in ¢1 or ¢2 of periprosthetic specimens, respectively (Table  2 ). In the 3 patients out of 18 with a negative PCR from periprosthetic specimens, low numbers of c.f.u. ml 21 were cultured in the corresponding specimens (Table 2 , Cases 17, 36 and 41). A low bacterial count was also observed in three patients with negative PCR from sonicate sediment samples. Also, for the seven PCR-negative scraping specimens, culture was negative (n54) or displayed sparse growth (n53).
At the patient level, concordance between phenotypic and molecular identification was observed except for three patients. In case 15, displaying a polymicrobial infection, PCR and DNA sequencing identified only the most abundantly present bacterium, Enterococcus faecalis. In case 54, Finegoldia magna was detected in three biopsies by DNA sequencing in addition to Ent. faecalis. In case 42 with PJI caused by P. acnes, sequencing of the PCR product from SF identified Acinetobacter species in addition to P. acnes. At the specimen level, molecular identification to the species level of the causative organism was achieved in 39 out of 48 PCR-positive periprosthetic specimens.
Among the 36 patients with no infection, i.e. aseptic loosening, two patients had a single PCR-positive periprosthetic specimen, which were identified by DNA Fig. 2 . Boxplot showing the bacterial cell count in SF samples and biopsies B1-B5 in 18 patients with a PJI. Significantly greater cell counts were obtained from B3, B4 and B5 than B1 and B2 samples (P50.009), and greater cell counts were obtained in B3, B4 and B5 than SF, B1 and B2 samples (P,0.001). *, Outliers (values in brackets represent number of outliers with identical values). Fig. 3 . Real-time 16S rRNA gene PCR of five periprosthetic biopsies, performed using SYBR Green with primers 519F and 1105R. Negative controls were NTC (no template control, i.e. water instead of template DNA) and NEC (negative extraction control, i.e. all reagents used for lysis and extraction were processed in parallel). The positive control (+) was plasmid DNA with a cloned 16S rRNA gene product from E. coli. The five biopsy samples shown in (a) are real-time PCR-positive whereas the biopsy specimens shown in (b) represent negative PCR.
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sequencing as a Pseudomonas species and Zea mays, respectively. Consequently, out of 216 specimens only two specimens showed a PCR result that was considered a false-positive.
DISCUSSION
Contrary to the results of other studies (Padgett et al., 1995; Atkins et al., 1998; Spangehl et al., 1999) on the prospective diagnosis of PJI, culture of periprosthetic specimens identified all cases of PJI in the present study. We should emphasize that the following efforts were undertaken to improve culture results: no antibiotics were given prior to collection of specimens; periprosthetic biopsies were harvested in a highly standardized manner; the logistics of the operation were optimized, including transport of specimens by courier and immediate processing in the laboratory; and large specimen volumes (50 ml aliquots) were used for inoculation of media. Furthermore, according to the present study, specimens for culture from the interface membrane are superior to specimens from the joint capsule and SF for detecting septic prosthetic loosening, including specimens from patients with gentamicin-containing bone cement. A criterion of ¢1 positive culture out of 3 interface membrane specimens would have been sufficient to identify all cases of PJI in this study. Our results are supported by a recent study, which demonstrated that interface membrane specimens were better than joint capsule specimens for the histological diagnosis of PJI (Bori et al., 2011) .
We identified P. acnes as the second most frequent causative organism, despite the lack of anaerobic conditions during transport and processing of samples. Problems relating to the interpretation of culture with sparse growth of P. acnes have been addressed by other investigators (Piper et al., 2009) . Among four patients with bacterial growth in 2/6 periprosthetic specimens, three had sparse growth of P. acnes (1-3 c.f.u. per plate). In each of these three patients, 2 c.f.u. of P. acnes per plate was also cultured from sonicate sediment, which, as per the definition, should be considered a negative result. Hence, in PJIs caused by P. acnes, growth of only a few c.f.u. appears to be significant. In sonicate cultures with sparse growth of P. acnes, a higher bacterial count may have been observed if the implants had been transferred into anaerobic jars prior to processing (Tunney et al., 1999) .
Culture or molecular analysis of specimens harvested by scraping the surface of an explanted prosthesis would represent an attractive and easy way of sampling biofilm in cases of PJI, and promising results have been reported in a clinical study (Neut et al., 2003) . Also, culture from in vitro scraping of the surface of titanium or steel disks was capable of detecting bacteria embedded in biofilm (Bjerkan et al., 2009) . However, in the present study, the culture of specimens obtained by scraping identified only 12/18 infections.
DNA contamination is a significant issue when employing broad-range PCR. The PCR reagents themselves may contain bacterial DNA (Corless et al., 2000; Niimi et al., 2011; Mühl et al., 2010) . In the present study, we chose to include the use of four enzymes to ensure optimum lysis of potential Gram-positive bacteria present. As this could represent an external source of DNA contamination, a strategy was developed to differentiate the contribution of specific 16S rRNA gene DNA derived from the causative bacteria versus DNA present in extraction control reagents and SYBR Green signals derived from non-specific dsDNA.
The very low rate of positive PCR specimens in the noninfected group demonstrates that the risk of false-positive PCR results was significantly reduced. We chose to employ three PCR assays targeting different regions of the 16S rRNA gene to enable the detection of a potentially large number of bacterial species. The criterion of ¢2 positive results from the three different 16S rRNA gene PCR assays to define a specimen as PCR-positive was selected as a compromise between detecting a wide range of bacterial DNA and detecting coincidental DNA contamination from the reagents used. Furthermore, when designing the 16S rRNA gene primers, care was taken to avoid cross-reactivity with human DNA in silico, but, in several instances, amplicons of incorrect size were detected by post-PCR capillary electrophoresis, which could represent an important source of false-positive PCR signals if analysed by SYBR Green alone. Thus, the quantitative aspects of real-time PCR, combined with the post-PCR strategy employed in the present study, enabled us to differentiate specifically amplified 16S rRNA gene bacterial DNA in the specimen from background DNA, contaminating 16S rRNA gene DNA in the reagents used and nonspecifically amplified DNA products.
The overall sensitivity of real-time PCR analysis of clinical specimens was lower than that of culture. We agree with the view held by Petti (2007) that the restricted specimen size employed for PCR is a disadvantage. We calculated that the volume of a specimen investigated by culture is approximately 100-fold larger compared to that investigated by PCR. A suboptimum sensitivity of molecular techniques for the detection of causative bacteria in orthopaedic infections has been published previously. Of 16 patients with septic arthritis identified by culture, ten patients had positive PCR results using two different assays targeting the 16S rRNA gene (Bonilla et al., 2011) . Sensitivities of 53.8 and 88.2 % were reported for PCR diagnoses of PJI and osteoarticular infections without prostheses, respectively (Fihman et al., 2007) . In a study of 176 patients with a preoperative diagnosis of aseptic prosthetic loosening, seven patients were classified as infected, three of which were diagnosed by routine culture and all seven were positive by broad-range 16S rRNA gene PCR with reverse line blot hybridization (PCR-RLB) (Moojen et al., 2010) . In this study, 15 patients were suspected of being infected but in 12 of the 15 patients PCR-RLB results were negative. An additional factor is the Prosthetic joint infection known reduction of PCR sensitivity whenever background human DNA is introduced, which is quite likely when clinical specimens are being handled (Ince et al., 2004; Petti, 2007) . To a variable degree, this was also observed in the present study when biopsies from five non-infected patients were spiked with E. coli.
We are aware of certain limitations in the present study. One major concern is the lack of a gold standard for diagnosing a chronic PJI; this seriously complicates comparisons between results of different studies on PJI. The criteria used will also have a strong impact on the results achieved; for example, if the criterion for positive culture of periprosthetic specimens was increased to ¢3 culture-positive specimens, combined with a colony count of ¢10 c.f.u. per agar plate for sonicate sediment samples, three of the patients in the present study that were considered infected with P. acnes would not have been included in the infected group. As molecular detection is not included as a criterion for the diagnosis of PJI, it is possible that the molecular detection of F. magna in three periprosthetic biopsies from case 54 would not have represented a polymicrobial infection as cultures grew Ent. faecalis but anaerobic cultures were negative. The problem of leakage of water into the bags used for sonication was unexpected at the time the procedure was performed and a solid plastic container would have been employed if the study had been performed today (Trampuz et al., 2007) .
The strategy and criteria for molecular analysis are also subject to debate. Spiking of every specimen with external, specific DNA and then performing specific quantitative PCR could serve as a better alternative for detecting potential inhibition of PCR rather than using PCR targeting human DNA as we did. Using a reagent kit to remove human DNA prior to bacterial DNA extraction should also be considered for future studies as a means to improve sensitivity (Mühl et al., 2010) . Before 16S rRNA gene universal PCR analyses can be implemented in routine microbiology laboratories, efficient ways of specimen processing, obviating the need for enzymes to remove potential exogenous DNA contamination, should be carefully considered.
In conclusion, in the present study, the highly standardized and optimized culture of periprosthetic specimens identified all cases of septic prosthetic loosening. To fully exploit the potential of molecular detection of bacterial DNA, attention should be paid to ways of improving sensitivity and increasing the volume analysed in addition to achieving control of contaminant DNA. Finally, we are led to speculate that in cases of chronic PJI the interface membrane is the main substratum for biofilm development. Further studies including sonication of the explanted prosthesis and the interface membrane are warranted.
